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SfffaH 1, 

jiii. 

sutH'7- K«l^trfgHli''y 1, 

iz)Vr U4 t. 

mf n - ^* tc J; o T ^ ti tafH >7 - IC ^ 1 * ^ ii =fc #fc|& -t 

•5 ^T F ^ ^ /'*C ii » 

taSB^'J^^ n - IC J: o T ^ ti tu IB li' >y F ^ ic ^ 2 » ^ $: -r 

mmn^ n - ^* c j: o t mm $ n ^ latB^ i ^ u -& ;i/ 

b ^ $:iti|i§-r <5 -fe > ^ T > :/ 

$: ^ r t i: f -5 a^^^fB‘H^«o 

[if^^2 ] mmn i 

r ^ i SB«®a^s^tB'ii:^«. 

[It^^3] trfgB^TF^-r/Nni, tfftBmi ^^U-fe;i/*'@He$tl-5trfsB’7 
-\^mt. frifB^2 ^^Uir;i/*'@2«;$4x-5MfB'7- FHi:®r^T% 
tufBII 1 

i i: 1 ^ « 2 iB^^a^^^^filBli^So 

[lt^:S4] ff(gB#F^-r Att. ffrlBUl ^^U-fe;i/*'^@2tt$ti^trfSB'7 
- F^ {C^/;5 b T IS t-t e> 1 i: , 
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n i 3 vN-rti*' 1 

a 

[»«5] tfffaill;^^ 

tuSBCJ- 

trftBll2^^U-fe;i/(Z)SfflB?^^^m^^*'tafH^l> H2 
6 ] iffgB^rj AcD^.^'t^rnmm 2 

. BrffBtf'y 

1 ihs® 

U -fe;V(Otrffa?^^min;^^*'#rffHII 1 , H 2 v^-rti*' $:^-r-2> 4: e> c, 

tuIB fcf 'y h ^ tc ffflBII 2 * $ iZ. b , 

fasBH 2 ^ ^ U -fe;b(Z)tfrSB?^^J£m^^*^StffiBII 1 , H 2 
MsBt^'y 

:i i; i: 6 IB«®^##:fB'ltiga. 

[»^:®8] t&fBm2^^ U-fe;i/li, v^■rtl*' l^^tutBr ?- m 
IBb^'y N^i;(Ox#JCiB«$tiTV\S 

^ i 7 v^'rtl*^ 1 «iB«®^##:fB-it^«o 

[ff^«9] frf|B-fe>xr>:^li, #rfiBH2 

'T-^ ^mmizLr. mmm 1 

r h 1 7!^M 8 V^'r4^*^ 1 ^fB«©^##:fB'[lig«o 

[|f^:®10] tuIB-fe^XT^yii, tufBUl t;b*'e>Sl^mb7t 
MiBU 2 ^ ^ b ^ tc^f -S;^/FJC J; o rm'J 

•r^ 
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3 i; ‘Sit 9 

[If ^^11] 

1 , H 2 -5 ;t:a?){Ci^^^;^0fftBII 2 

[m^m 1 3 ] mmm 2 ^ ^ u tuiB^ 1 

SrffBI|2 ^ ^ <; 

tafBll2 

=&jgfC'ei;i-g> 3 n 1 fB«<o^^^fB'»^tto 

[lt^:^14] talBfllWmS^li, ftrlB^ll^ 

mi^ fc ^ I't -5> f tuiH# K ^ -r i: ^fj F ^ -r i: CD V ^ -r 4x 

m^mi 5] ^i:fjmzm-Dxmmm^^tirc.u-]^Wit. 
mt^mi:^\^izw.^-t^m2:^mz'm^xmmim^^nf^\:fv hmt.. 

xv±jiru4 n. 

lufB'7- 

SyfBtf''y hmkmm-t^n^n- 

mmn^ =i - =2-^*tcj:oT^ti -etimm. $ n fc mib v - fi^ 

0rffH'7- F^t feti|rfSBt^''y Flltcj;^ L^T^^T'fe-g> F^>T >''<01^^:, 
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SfflB# 'SC t 3 - i: tC ^ o T $ n tuIH ^ ^ Uir ;i/ A' ig 

S: e 3 i: 1-^^#^$;fH'lSigac 

[ff^^gi 6] iffiB \^u<Do-^(D-mc 
L T is: n ^ ^ 1 i: , 

ll2^^5l^lh®v^■rtl7b'$:^■r-5> J:e>{C, tfflB'7- KISCtasB*^iA»«^$:#fc 
^ L'-, 

ttfta^ 1 trffBUl, H 

2m.^m.<7^m<Dm^M't^2iio\z. talB’^- ^ 

r i: ^ i: t- 1 6 IB«(Z) ^##:fB'li^fi= 

<mnmm(Du~ F^tcs2a$ti^tfmB;i^ 

Uhl. m^l^^a'fitJ:UtJ/^$v^■^2mm'fai:c^v^-rtl*'$:^■r^J:e)^c, |fflH 
trflB-gP® »7- ti^^tusB^ ^ U tutB^ l 

■r^ 

[ff^^l9] MfBUl, 

v^■rtl:^' 1 :?F®t&lB'7- F^^i, lulBtf'y hlSi:<Z)3^.^JcSSa$4xT V'-g> 

[ff^:®2o] mm^y^yyzcit. fuiam, m2m.mm(Dm(Dmmm 

$:»mtCLT, tataH 1 , H2mm 
M(Z) V^■r4^ A' -5 ttfia^^ U iEJV^^6m^HiLf:L^-Si 

iTbmi 9 v^-r4^*' 1 ®ia«(^^^^i£fB'it^gc 
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tuiami, 

ffrlBH 1 , 

fit-ia « -r -S ^ ^ U -fe ;L':^)' ^3 ffi L ^ ^ tc^f -5 {C J: O T mij-r -5 

3 ii 1- ^ff 2 0 fa«(Z)^##:fH‘ISi^ao 

[^^:^2 2] SfrtB^^U-fe;i/®a^mmm^®®Jitffl$:«rffai|l, H2 
® fit® ® CD M fc -r ^ ^ (C ^ Iff IB# ^ ^ ® M $: -r ^ HIS& $: 

2 3] tffsa^ ^ u ^)V(Dm%^ifim^(Dmifim.is^. tfrtB^ i , m 
2 ^ Ja >(it ® W i C ^ ^ m ^ CO ^ H { c ^ ^ ^ ^ f ij ^ 1- -5 rj ^ [m g& i: . 

^mmm^t 

[»^^2 4] tufH0MISIi2&«, ttfiBW^ 

ffrlB SS^C0#$:MW^ 

■S 

3fB«(o^#f4cta'[tisSo 

m^m2 5] mi:^\^iz^^rmmmm^nrc.mi u- 

ffmam t7- Fis^tfffBif 'V mim,ifim.h. mmi 

stimm2u- Fmtmim\:^''y hitst(D^Mizmif ^ti. mmmi. m2mum 
tuia^i, m2u- 

mmm 1 ^ X V iEjiyiz^tnsm^mmm^<Dm.Mai^mjsEm 1 . m2mmM 
{cig^-r^fe5?){c, tuta^i >7- mmm2^ 
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IfflBtf'y 

K^-T Ai:, 

tulB=f? K ^ -r A' H n F ^ -r tc J: O T miiR $ n ^tutBlg l ^ ^ U -fe ^ 
V^-r:n;^)'<Z)trrfall2 U -fe;l/^C#^f$4^TV^ST'-^ 
tc LTffi|ii-r'2>-fe>;^r 

2 6] ^1 ^ u -fe;i/{c^ i f"- ^ 

tf 'V h ^ $: :/ U ^ -V - -r ^ X 'y y i: , 

tuIByi ^ U -fe;i/^t>*ttfgB#m-fe;i/*'^ttfIBtf 'y MglCtffSBH 1 , ^ 2 ^ $: 

Xy^'y 

SafBtf'y hf^fcM^mbfctrffam tutBH2T^-^ $:*micLTJt 

ipii‘‘SX5^'y -/i: 

tvIBIIl -T-*-^®*^ji^ti^|frfBX=E«;-fe;i/®tafBllH^^®m 
li, m 1 ® ^5^M i: ® ^ 1 i: U /h $ V 2 ii®VA-r4x;^'$:^L., 

ffffBH 2^-^ tlfctySB#m-fe;i/(7)tyfail 2 ffjfB 

.3 h ^ t- -5 ^mmmmm.o^m'mismo 

[|ff^«2 7] tuIB#M-fe;btC|g2 5='-^ $:*^iiti'X5=-'y V 

— Fy^X S#{C#4^tl-2> 

r t. 2 6 mmo^^mm^‘mmm<Dmm:^mo 

[m^m2 8] tulB#m-fe;i/{CtufB^2^'-^$:S^i2.t:i'|^^Ci^^S;ai*^ 

-5 m 2 ^ -e ^ -5 ^lE f ^ X 'y ^ > 

tuSB^IEcD^^, tffSB^2^'-^f*'iEST'^VNhi{ilim$4xfe^^, rnm^Wm 
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tatani, H2si5i«®r^(Z)m^®^Hp*gic 

^ -5 'y y h , 

CW^^sso] t(ffa^^'j-fe;i/;5:t>*tffta#m-fe;i/ii> tfffai^''y tfr 

tali' 'y hatcitss-r-g)':?- K^i:<7)x.^Jc®Hg$4x, 
iyfa#M-fe;i/jctfftam2^'-^ $:*^ii2it^l^{ctfrfa^i'y h?^>at>'tuta>7- 

ttfta^ ^ V izjiizmm^ i y- ^ 

ta*^ii*^S?5fE(0$feM# J: U v^ 

enm2 9 v^■r4^*'l:^fa«®ifi##:fa'li^scD0J 

[ff^^a 1] tffia#M-fe;i/{ctfffa^2 7-'-^$:*^^ti'i^tctfmaii'y h 
^;5:t>'|ffia’7- |fiIa^^u •fe;^^ci3v^T 

[0 0 0 1 ] 

y ^ h,y ^ 7^ X (MR AM : Magneto resistive Random Access Memory)© 
^ b 1&# tc g0 -r -5 t) © T- -g. o 

[0 0 0 2] 
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MRAMtt, “i” “o” 

^LT, 

, t»£5R(Z)D R AM (Dynamic Random Access Memory) 

> E E P ROM (Electrically Erasable and Programmable Read Only Memory 

[0 0 0 3] 

MRAM-eti, 

J (Magneto Tunneling Junction)^^$:^fJM LT 

lo®MT J^^ilMOS V=yyvy.^t. 

2mm) hMlcofet)® (M^li#fF:5cmi) = 

[0 0 0 4] 

-ei/T, 2o(01^'[4#:(7)Xlf ><Z)|^^**!SV^^C2l2#^c^-5*^. M¥=fflC 

r®MT Lv^3 

h tc tSj -5 o 

[0 0 0 5] 

mmm ^ iTtlx i^'K#:iir4 

o 

[0 0 0 6 ] 

mz. MR AM(D#^i2i^^^^l&f^^COV^Tm0>B■r■g>o M 
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'[4#:|K$:t:”>ji (pinning layer) t^So 

tc zizi-e, 

V -m (free Uyer) t 
li, ^^U■fe;^$:iiJlL/TV^^l:r'y 

c7-Fiistc 

it. xmt 

:Xm2Sm) = 

[0 0 0 7] 

tx?>x. i2;WClii5[MniVgS(^/h 

[0 0 0 8] 

x(D^mm(Dm^^m^t=.it>iz. 2o®^^u-fe;wc, 

Z1 (Z) 2 o (Z)^ ^ U -fe ;i/ -e 1 tf'V ■£>:§■ ^5S*'S)-g>o 

[0 0 0 9] 

ttz.. MT jmx^iiWi^nizmBLtMo s Fs^^iigpf 

^xtizt<‘). X') ^ )\/<Dm^ifiW.t.m.^timt.(Dm(Dm.tfiW.^i¥'') t'-tisWi 

[0 0 10 ] 

[#i^^i^ 1 ] 

#JM2OO2-39O86-^0^M# (H 6 0) 

[001 1 ] 

[#fF:i:i^2] 

m H#f^ 1^6 , 081 , 445# BHUH* 

[0012] 
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,055 , 

[0 0 13 ] 

1 ] 

“IEEE International Solid-State Circuits Conference 2000 Digest 
Papar” , TA7.2 
[0 0 14 ] 

[#N#i^ :5cm 2 ] 

“IEEE International Solid-State Circuits Conference 2000 Digest 
Papar” , TA7.3 (H4|1I) 

[0 0 15 ] 

[|g^ b i s ] 

t. 2^(D^xv ±jix 1 if'y ^ 

7b’^ai5^^^^o m^DX. (scaiabiuty) Am<. :^^*<D^^u-fe;br 

[0 0 16 ] 

t. -tJly(Dm:MMliMO s b ^ y Py. i$i (D^mz:k^ < ^ 

#-r-5o m^X. 

[0 0 17 ] 

xcommit. ±mm‘mizm^xf^:^tif^ij(Dx% mmmn^m< 

[0 0 1 8 ] 

zcD^mcD-mmizms^mmE-mmmit. mi 
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^lllS^?^;'filJ:u%/J^$v^||2 
I lafEHi. 

tfriHCJ 

- K?,ii:S»ifat^''y h^il(Z)3^,^JC@Btt$tifcifffail 1, ^ 

^=EU-fe;i/TU'-r ii, Satac;- tfma^f^*n-^'{c 
J:oT^#^$tlfc|yta'7- F^tcHl Ai:, fff 

u\i"j t<ma^j^*n-^*icj:oT^^$ti;tBufat^' 

'V At. mtm^zi- 

iiy7.ryzfiz^MB-t^ x n $:#^i: L/Tv^s„ 

[0019] 

tr=.. r(Z)#g^9(Z)-®^iz#^^#^i:fa‘»igatt, mujmzm^xmmMm. 
$tifemi <7- F^i:, ttmami y- FSi;. taia 

'mii5m\zm.^-t^^2i5^\zm->xm.m.w^^^nf=.^"j hmt.. mmmi v~ 
F^i:«tjfatf'‘y mimmmt.. ut;/h 

$ V^||2®^5l^a^®v^■rtl;^)'§:Wf ^XViEJVt. #& 

taH2 17- F^iitfftatr'y iffiami, 

tatami, m2>7-F 
f&tami >7- F?^{cni#^ii^«^rL$:#^*&L. lu 
faH2'7- F^-f Ai:, lutaii''y 

F^-r Ail, tatatf'y 

, frisa^f F ^ -r ^ ^a F ^ -r {c j: o T $ n ta tan i 

V^'r4^*'CDtf^fBll2 ^^l;-fe;I/^C^#$tlTV^^^-<5^ 
(CbTitiplf L.TV^-5o 
[0 0 2 0] 

±sa<^<fce>^^^#:fa‘ii:ig«-e^-5i:, “o” 

•So «^oT. ||2^^U-fe;l/^C'^#$tlTV^S>^*-^ 

1 1 



mil# 2003-3025688 




o 



#2003—067901 



||2^^U-fe;wc 

-fe 

;WC'g^#$4^TV^-57-'-^tt, “0” -r-^t “1” 

[0 0 2 1] 

y hmt. mmu- FmtMmi^''y hmt(D 

±jvy u4 1. mmu- 

mmi^''y buSb#^*3-^* 

jsl ttfiB u - Fm^z^mE i^^'y hm 

msEm^72,^m^<Dm^m:^\ mmu-Fm 
t r =. ttfusB tr 'y h IC/;S li T nT^T' F ^ -f h , talB#^* tfflB 

^izy7.ryzf}i LTv^^„ 

[0 0 2 2 ] 

-2.il. F^-f A' m]i?&tt <7- FIS t F 

LX “0” ^*-^il “1” 

“1” m^x. 

cFr4®^*“ ^ ^ ^ u -fe;i/*' 

L $: l^±T' ^ 2> o 

[0 0 2 3] 

^ U -fe;b(C|| 1 ^ II 2 m^®m^^$:'g-ti'#M-fe;MC|| 2 

yil. If 'y FIS$:-;^U7^^-':7^-5^-7^'y yil. gtffByl 
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^ u -fe t>'ia -fe 71/ ^ fit sa iz mmm i. 

ffftaif'y Mi{cs!J5^aibfcfyfami^-^§:, mmrn2^ 

fttia^i 

fitfa^ X V -^jvcDmmm i n i mmmtmm i mmmj: u/h^ 

V^|| 2 CD V^-r4^*^ L. futam 2 7^- ^ CD*^ 52.^ 4X7^:fifSa#M-fe ;i/ 

fuia^i, m2mmm(Dm(Dmtiim^mt^zt.-^ 

[0 0 2 4] 

m.mm^(Dm.mmii. “i” 

- ^ CDM^^ m L $: ffI±T^ ^ -5 „ 

[0 0 2 5] 

[^HHcDUJgCD?^®] 

j^T, xcDmmcDmmmm^mm^mmLxmmt^o ^0 

[0 0 2 6 ] 

z(Dnm(Dm 1 <Dmmmmiz%^^mi^mmmmiz^\^^xm I §:Mv^TmB^t* 
^o mat. ^MMMMiZm^MRAMCDzrU'y ^mX'$)^a 
[0 0 2 7] 

0^-r‘2)<J:o{C, MRAMlOld:, X V iz JirU 4 2 0 . 7.T yzf 4 0 

, 5 0, 6 0, ^rj K^-r A A/S^^mL7N^TX0S& 

7 0, ^fJK^>rAB8 0, ^T^*n-^*A9 0, #t^h - B 1 0 0 , ^fF^-TA 
110, '>>77-120, aj;d7\''y >T 1 3 0 
[0 0 2 8 ] 

^^U-fe;i/T>-r 2 0|7«^^C^V^T^i, K?<|WWL 1 —WWLin ( 

m : >g:r>'is^mb'7- KURWL 1 - R W L ni7)^m^<D:^f^ (Hi :^lf] 

) lC?t>oT0^!g$tl, ti^'y h?^B L 1 ~B L n (ni^^lS:) *'^H 1 3^ffl(Cit:x 
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kotwl i ~w 

WLmAV^rn^mXV- K^RWL 1 ~RWL m®-3§gtt# K^-T A 110 izm 
m-^n. 1 2 0^Cg^M$4^TV^S„ 'y h^B L 1 ~B L n 

yzTA 0^t>*^rjK^-r>''?B 8 0 {C^M$ tlT V^-5, 

[0 0 2 9] 

M(C, 2 0f^{Ci3VxT, t^'^WWL 1 ~WWL 

rn;5:t;^^mb'7- K^RWL 1 —RWLmi: tr''y h*|BLl~BL xiiKD^.^. 

F^RWL 1 ~RWLm(ov^■r4a7b^tc^iig^M$tl, n—n<D 
m—(D\£v h^t^B L 1 --B L n(Z)V^'rtl*^^C^^ig^^$tlTV^-g> 
o 1^— #(Z)^^'J K^WWL 1 —WWLm 

CO V ^ -f ti *' ^ tl T V ^ -5 o 
[0 0 3 0] 

^^Uir^l/T ly-r 2 ocoj: ^;l¥^5fc«^tg^cov^T, 0 2 0 

2 -fe;i/T ix-r 2 O(O0i?&0T'fe^„ 

[0 0 3 1 ] 

m^-t^J:olZ^ ^XV±JVrU>( 2 Olt. T h U ( 

mX n) -fell/ $: W bT Vn- 5 (0 2l:'tt (1X4) 1 : S 

M) o i 2 2 5:-^ 

^TV^-5o #!f;tl^MT l^-*^[UciB«$ 

mn.m,in.m^2 1 if 'y h^B L 1 — B L n(Z)V^-r4^*'^C^Jig^M$4^ 

2 2 <d^'~ hit. F?«rwl i~rwl 

mcov^■r4^*'^c*itg^M^tl. mm^^(Dmt^itmi&mmzmm-^nx\^^^. ^ 

LX. 1 tCjfig^UT, *^72k^»7-'KOTW 

L l'-WWLm(0V^-r4^*'*'lS^'^ e)tlTV^-g>„ 

[0 0 3 2] 
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±iH^^u-fe;br y^'mR^h uzmm'^ 

U -ir;i/MC 1 1 ~MC 1 nii, "E '>Mr;b^ bT^lg-T^, 

-So 3®,^JCoV^T(^)l¥Mti^i^-rSo Ki^RWL 1 

L>7- K^RWL 1 ~RWL (1-1) MRWL (1 + 1) —RWLmlC^^ 

LTillgf So 

[0 0 3 3] 

mz. :>^^'Ji2;i/C0®T®^itlCoVNT, 0 3 (a) $:M'^'Tm0^t-So 0 3 ( 
a) tt, *fe;i/(Z)lf 'V hll:^l6KC?()ofe®T®07:'feSo 

[0 0 3 4] 

0^-ts j:c)tc, 3 i 

^ 2 1 *'?^fig$tlTV^So 2 1 ^#^*^2 3 (Z)^®|^{C 

2 4. h«=fS2 5 S:^i 

xTV^So y- hmm2 5 K^RWL 1 

xmmb. 0ffi*^fa«$tlTv^slR®^c^LTse^:^f^^c^ 

$tlT^/^So 2 3 _t{Cld:®r4MIK2 »K$e^ 

)^2 6«, miRh^yy:^^ 2 1 

[0 0 3 5] 

®Wie^m2 6 h^^^*2 7*'^?^^tg$tlTV^So 

y^^*27ii, 2 1 (Z)^M#;fi£M2 4®-:^ (Ki/+>Mi|5c 

) ^Cg?M$4^TV^So 2 1 (0^M%raM2 4 ( 



V-:^Mi|5c) li. 0^i±M^-e^:®«^{Cg^^$tlTV>So 

ewtcij;. h^^^*2 7{cgfM^4x^^MSBIS® 2 8, ^Mi2^Ji 2 8 

9 *^)^^^g$4^TV^So 2 9 S 

K^WWL 1 ~WWL^l(OV^■rtl;^'i: LT^fg-T S =fe(Z)T^^ U , 
ic^LTSii;^:^f^{cx h^ + :/^^{c)^fig$tLTVNSo 9 «, 

2 1 (7)>!f- h«1i2 5 t. ^ti^*^Si:e>^CUT0^$tlTV^ 



r* 
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•5>o 

[0 0 3 6] 

1 it. 6 2 9 h«®2 5 

2 8±(C^'fS^$:m3 0^'J^ 

mmi^ms o±(ci!ie®iK3 i ^‘[4 ^!|sM3 zttmmms i± 

0. 3 2. Rxfmmms it)-MT jm^ 

^(D±l:. OJC^LT 

iiT?, 2o(0^^®$:#UmL, “0” ^ :fe 

« “1” Miz. mmmmm2 6±iz. 2{cg^M$ 

tl-5<J:e){CL/T^M@Saji3 3 3 3 it^y7.WiB 

L 1 ~B L n®vN-rti*'i: Lrmm-t^^<7)r-$> u, hnmz 

o , 

[0 0 3 7] 

El 3 (b) it. m%mjim^<Dmumxtb^o si^-rsj:e)tc, 

2 1 (D IMW^'^it. ^LT. ^(D^mi5\^ (Mit 

^-hM (RWLl—RWLm) 2 5 ;g:t>'^M®BISjS (WWLl 
— WWLm) 2 9iC?^>V^. (a^bHIiffl) i)\ ^®SB?^JS (BLl 

~BLn) 3 3 ^cme)<k•^»^CLT]^fife$4^TV^-5>o If 'y h^B L 1 

~B L n(OV^T4^;^'^C§fE■t«^COI^^^Ci:oT*^3i^y^'-^ 

m^Th^U- K^WWL 1 ~WWLm®V^-r4^*'^C^^■r 
mm<Di^^izt^xm^j2<^^-'$(^mmt^m^izit. 

[0 0 3 8] 

EI4 (a) , (h) it. i(D±mmxt^'>). mzmm^xv^ 

;i/MC 1 1 ~MC 1 n(7)^f ‘5)^^^^^5I^^2 1 ^COV^T5^LT V^^, 
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[0 0 3 9] 

2 1 3 2 (^^«3 0, 3 2(DM:^ 

) «, v;i/5=- ^iS[CD^^|K3 4 $:'^^■ev^-5o 

(a) 0(c^i-J:e>tc, ^#$:;(jn;i-5Srf{cii, 3 4 H“> (M 

(b) 0{c^-t cke>tc, ^ti-rticD?^|E3 4 

■t^o 2(D7.\^y(D\^^\it. LT— ^:^i^{ci^<o 

fB(D j; e> >f > UT v^T%)^v^, 

[0 0 4 0] 

05 (a) , (b) li, 

(TX5^n-r K®?^) ’efe€>o mww 

L 1 ~WWLm{Cg^tl‘5«S^ I W 1 (®ilffi:&®?^|?-) , 'y b?.|B L 1 

~B L I b 1 -T 

i; hf=.h^. TfB®Stoner-Wolfarth®gg^^7b'e>^*'tl-2>o 
H X + H y = H s 

r(Z)B0^^$:^fe-ra#Hx, Hy w 1, I b 1 0000^$:, 0 

5 (a) . (b) li^LTV'-g>= jIS^^ U ■fe;WC^V^Ttt, 05 ( 

S'[4^K3 2(Z);^lf 

{C®«b^< t^£oT, 38^^ ^ U -fe;WC^- ^ 

F^WWL 1 ~WW L 'y M^B L 1 ~ 

BLntC, wl^Z>'I b l®00#$:rife-rJ:e>{C, 

i2.^fIl§Sc {c J3 -5 ^ i: C) tC t* ^ WM RSih t* ^ 

i^^Tb'Jfe-So 

[0 0 4 1 ] 

1 7 
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H5 (b) iim 

-IBL, #M;t=Ey-fe;wcj3vxTli, 

3 0 fcti 

t^^oT, ^'[4#:J13 0, Z 2(D7s}£y(D\^^fi^^ 

w i;5:0^I b 1 ^^‘f4«^:|li3 O, 3 2 

$:li#t- -So ^ C) \zm%Th^9. 

w l^tKl b 1 3 2(Dy.\^y(Dm^it 

-eur, 

[0 0 4 2] 

06 (a) , (b) l±, b 1 i:, M%m.fjim^2 l(Dm.mm.t. 

(a) ^ U -fe;b, (b) 0{i#M^^y 

■fe;l/^CoV^T^L/TV^-^>„ ;5:^, 06 (a) , (b) T'lilf'y b?^B L 1 ~B L 

n J; o ^ ^rfO^’T -S^-a-tCo V^T^ L T ^ 

U, K^WWL 1 ~WWLm{Cj;oT#^i2i^-T'-^ $:ftJ^-r-5^ 

I w 1 <kVNo 

[0 0 4 3] 

0 6 (a) {C^t*J;e)tC, •fe;b^CfeV^T^±, 

2 a X, R m i n ^r^t* -S (Z)^-e^e= ±12(7) J: C) (C, 

0, 3 2 (7)Xt:°>(7)lpI^^iSv^^c^^f;&^^®$:^|#-r‘g>o =(a^oT, 

2 UiM^^Rm i n$:;tf ^= J: C) iC 

w 1^01 b 1 5:^1^ LT^c^'^fCli, affi#:M3 0, 3 2(D7.\^ 

1 8 
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“fiSRina 

[0 0 4 4] 

06 (b) {c^-t«ke){c, 

2 a x, Rm i n S 

^jt-fliRm a X Rm i n iiCDHcO'filT'^'S Rm i d -So 

I b 1 Z SVn{C^# 

^KffiRma xT^%^<^Si5t'fitRni i -^(7) m i d 

[0 0 4 5] 

x^fetti£^^>fBRmi n$:;tt'‘5>J:e)(Cf[I^$n'g>o ^ 13 . 

RWL 1 U -fe;i/MC 1 1 ~MC 1 n^CJ3V^T^t. U 

•So 

[0 0 4 6] 

•fe>^T>^4 0 {CoVNT^0^-rSo 0 7 tt-fe>XT>y4 0 (O®li?&0 
TfeSo •fe>XT>^4 0li, If'yhIIMBL, 

$tlTV^.So tf'yhlS^BL, /BLli, l^''y hISB L 1 i: B L 2 <Z)^, 

fcT'y hilgB L 3 ^ B L 3 ^LT, p :^;i/MO S h ^ 

4 2;S:afn^^:^;HVIO S 4 3, 4 4 $:^i;tTV^S 

o 

[0 0 4 7 ] 

P^^:^;i/MO S 1 ti, tf''y h|gB L 

(Kb-r>) i:> (M;tliVDD) 

« (v-;^) i:. }^"j hm^B nzmm^tit=.^- h 

4^;i/Mo s 4 2 {±, }^'y hB^B nzmm'^nr^nw^^o—^ ( 

Fb-r^) i;, lS«^®arxVh (M;i«VDD) {cg^M^ ( 
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y-X) il, tf'y h 

s h^y 4 3 li, tf'y MSB Ltc^M$4x7t«§^Mi^co-a^ (Fb^y) 

t. {gS^Sil^xVi (M^iivss) (y-y>) t 

. l^'y h,IS/B n5=-i^4^;bMO S N^y 

yy.3?4 4ii, hf'v h^/B (Fy>ry) t. iS 

1 (Mxlivss) (y-y>) ii, i^''y 

[0 0 4 8] 

yy>r y y4 0 li, tf 'v . 

if^ys^BL, /bl®s 
h, Uc^T-_h#, Tl^^ti 

•5 o 

[0 0 4 9] 

5 0, B6 0li, ^BiSJ: u AiJ$4xfe^lir Fyy.##$:^*=i- F 
LT. 3«JT Fyy>^*n- FM#^#-5o ^fJ-f-'n-^'A 5 0. B 6 0 T'#^4X7^^|J 

r Fyx^*=r- F##li. ^iJF^-f AA/M^mLA>rrxilIi?&7 0j5:t>'^tjK^ 

-r7^'B 8 0 ^U^'ZI-^*B 6 0 ti, 

|gl5^i±5&^^Ay- h<Z)m=fo#yc ^Ij^n-^B 6 0 0f^JfflI{ca^'V^T, 

A^f- Hi, -feyy,ryy4 0 ®fcf 'y (DQ, 

/DQ) 

[0 0 5 0] 

F^-r AA/^^mbA-r TAnii^7 0, ^(if^-tab 8 o<z)^^ig{c 
ov^Tii0B"r^= ^(IF^-f AAA^^mLA>TTXllI!?&7 0«, ^(DP^^PC^lIF 
^^AA 7 l^t>'^^mLA-f rxnis&7 2 $:-^^-ev^^„ EI8li, #{C^iJF^ 

'^AA 7 1 F^-r AB 8 O(7)^^$:^-rtlIiB&0Tfe-§)o 

[0 0 5 1] 

0^-r-5 iy {C, ^IJ F^-r AA 7 1 li, :g-hf'‘y MSB L 1 ~B L 
tifepMO s h^yyy>^ 7 3;5.t>*nMO s h^yy'y.^ 7 4 ^^iATVN-5e p 

MO s h vy 7 3 li, ^ (y-x) t 
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. If L 1 ~B L (KU^>) 

t. ^rjr nMOSh^ 

y ^ 7 4 it. (y-x) t. 

B L 1 ~B L (Kl/f'y) ll. 

yy.^'3- hi:$:#LTVx^o 
[0 0 5 2] 

tr=.^n F^-fy-^'B 8 0 #lf 'y h^B L 1 ~B L ^4x;t P MO S 

8 1 ;s:t>'nMO s 8 2 pmo s h^y 

yy.^ 8 i;a.t>'nMos vyyvy.^ 8 zcDmmt. ^(IF^^aav i 

pMO s hyyyy^^ i 3;s:t>"nMo s vyyvy^ i 4 iJi 

mitmm'r^. 

[0 0 5 3] 

±tH^^<Z)^[J F^-r AA 7 1 8 0 li, ^IIT F 

yx^'n- FM#{CJ;oT®rf^?:f(l^$ti-5o J: U ;R^65tcti, 

-FM#{Cj:oT, pMO S 7 3 nMOS 

hyyyy.^ i 4^tKpMo s vyyvy.y 8 i B.onMo 

S 8 ^(J F^-T AA 7 1 F 

v-f AB 8 b 1 *\ If >y h^B L 1~B L n 

®v^T4^:^'^c#t$&$4^<5a ^fc.. pMO s hyyyy.y ^ i 
nMo s vyyyy^^ s 2 ^ 0 'pMo s vyyvy.^ 7 3 
, SonMo s 7 4 sti-So ^uf^-t/'^'b 

8 0 *'^^iJF^-r AA 7 1 I b 1 \£v h^B 

L 1 ~B L n®VN'rti*'tC'^^$ti<g>o ;i®i:e)JC, ^UT F UX^'zr - FM#iC 
t-oXn F^-f AA 7 1, B 8 0 p^(DMO S h ^ y ^ ^ ^ ^jM^izm-t S X t 
iZt^J. If'y h^B L 1~B L I b 1 CDf^^ 

-2) o 

[0 0 5 4] 

mz. m^H!,Lj-^4rym^7 2(Dmmz^^^x. 09 $:Mv^TS^i0H1‘^= 0 

9 it. m^a^LJi^ry^m^i 2(Dm^mx&^o 
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[0 0 5 5] 

2 li, lf''y hfcSB L 1 ~B L n#{C 
p5^^^;i/MO S 7 5 - 1 , 75-2, 75-3, -7 

5 - n $:^i;iTV^-5o p ^ ^ 4^;i/MO S h ^ ^ 7 5 - 1 , 7 5- 2, 7 5 

-3, -7 5-ntt, (V-X) il, If'y 

N^B L 1 ~B L nCDV^T4^*'^Cg^^$4^7^:«^Mli^CDM il, 

T FU';^7^=i- h 

[0 0 5 6] 

_t:fHiifi&®^^5^ajL/'«-rrAias&7 2ii, 3 ?[|tfi/ 

F#^{Ci:oTi&^'^5:M$n-5„ ^LT, ^ U ti 

TVN^fcT'V h^B L 1 ~B L n(DVN-rtl*'{C, 

[0 0 5 7] 

#^n-^A9 0, BlOOld:, U 

FLT, #T Fl^A^^n- F-fS-^^^-So 9 0 , BlOOT^^^tl 

Tt^rjT Fl^A^'zi- #F^-^A' 1 1 0^t>*'>>*- 1 2 0{c^^$ti 

■So 

[0 0 5 8] 

?^tc#F^-fAi 1 OMiyyij- 1 2 0(Dmmz.^^^XMm-t^o 01 {C^ 

-ri:e){C, #F^-f A1 1 Oli, mM(Z)|| 1 «gfEi!^ 1 1 1 - 1~1 1 1 

im(Dm2n.m,W.l 1 2 $:^i;tTV^So H l«SfEl!^. 1 1 1-1 — 1 1 l-mli, 

F?WWL 1 — WWLm^Of^S^mL’7- F^RWL 1 — 

RWL n{Cg?M$tlTV^So ^ 2 1 1 2 i±, ^ U 

tiT^# (1#0) F^WWL 1 

So ni^g^iTvi 11-1-111 i 2t,^^m^Th^v- 

F^WWL 1 — WWLm(DV^■r4^*'^^^iiGS^mU'7- F^RWL 1 — RWLm 

yyij-l 2 0(C^^ 

tliit/o 

[0 0 5 9] 

#F^-r/'^l 1 o;atJf'>>:i7- 1 2 0(^=P^^COV^T, 0 1 0 ?:MV'TUiB^-r 

2 2 mil# 2 0 0 3 - 3 0 2 5 6 8 8 
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■5c EllOJi, # 1 1 O^tK 1 2 O^mi^ElT^-So El 1 0 

~ K^IWWL 1 ~WWL^l^C^'r-g>#fi^^COV^T^LTV^-^> 

o 

[0 0 6 0 ] 

1 0 p^c^Hl «gf£i!M 1 1 1-1-1 1 l-m® 
iV-7.) H. 

WWL 1 — (H'l^-r>) t. ^ 

r FU;^t"=i- h t S 

X^l 13-1 — 113 -^l$:-g•^■ev^-g)„ P ^;i/MO S 

;^^1 13-1 — 113 -m(Do^. ^ U 'fe;p3fi^^C®5tt$tlTV^-£)#^ 

K?^WWL 1 ^Cg^M$tlTV^-5 pf^-v:^;bMO S 113- 

1 it. FOTWL 1-WWL 

( 1 - 1 ) . WWL ( 1 + 1 ) — WWL^l^Cg^^S4^TV^-g> p^-v:^^;PMO S h 
^y'y7.-$l 113 - (1 + 1) — 113 Ibil 

$!^LTVaSo p^^:^;PMO S F^i/S:/';^^ 1 1 3 - Ui, 

P^ + 4^;HVIO S h 113-1 — 113 - (1-1), 113 - (1 

+ 1) - 1 1 3 -mtCJt^T, 

•2>c pf^^4^;PMO S 113-1 tC F 

HWWL 1 I w 1 it. ■t<Dm<Dp^^:^JVMO S F^ 

> ^113-1 — 113 - (1-1), 113 - (1 + 1)— 113-nitC 

ioTS^iZv^'^- FISWWL 1 — WWL (1-1) , WWL (1 + 1) — WW 

I w 1 i: U t/^$V^o 

[0 0 6 1] 

FOTWL 1 icii, 

±13^1 S^Ml 11-1 ©ffitC, H2«gSail 1 2}<)'g^^$tlTV^^o H2« 
1 2it. (y-x) t. 

~ \^MwwL I izmm-^nr=.mmm^(Dmm (Fy-ry) #TFyy>^*n- 

Ffi#*^AA$tl€)>r- F ^ p5^^:^;i/MO S F^y^'X^ 1 1 4 5:-^ 

^T-V^So EIlOT'tt, p5^-v:^^;pMO S F^yyy.^ 1 1 4 *'^20®#'^$:^ 
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LTV^S*\ 1 

[0 0 6 2 ] 

F^WWL 1 ~WWL - (1-1) , WWL- (1 + 1) ~WWL 

miZMbXit. Hl«S^l!^l ll-l~lll-(l-l)v 111 - (1 + 1 

) ~ 1 1 1 -m{CJ;oT, I w 1 

o K^WWL 1 tcMLTli 

, Hl®?^a^l 11-1 (c;(jU;tTl|2«??ig2!^l l 2 r (c j: U, 

[0 0 6 3] 

%/yij- 1 2 Oli. K?WWL l~WWLm#^C|S^'t^4^fen^ 

+ :^;i/MO S 1 2 1-1 — 1 2 1 -m$:^;iTV^-g>o n^+:^;i/M 

^121-1 — 121 -mli, FISWWL 1 — WW 

Lrnay^^izmm-^nr^mmm^oy—^ (Fb-r>) i:> 

(V-x) h, #T Fl^:^^^n- F 
[0 0 6 4] 

F^>r Ai 1 o;5:t>*'>>*- 12 0 ic^v>t, -fe;i/T i^>r 

2 0 1 #g ^CiBg$4^TV^-^>^ ^ U e>tl^ 

p+- + 4^;uMO s h^ypx^ i i i - i ;gLt>'n^^:t';Mvio s F^ 
1 2 1 - 1 s h^yv 

I 1 l-l®y-X;()'ej, n^+:^.;i/MO S h^yy'X^ 1 2 1 - l(Dy- 

I w 1 *'§^4x-5o F^WWL 

[0 0 6 5] 

mz. ±te«fifeCOMR AM©^&f^^CoV^T^^-t^o ^-f, aSP^"EU-fe;i/^ 

0 2{C^it-5. li''V F?,SB L 1 F^R 

WL 1 F?^WWL 1 il<Z)3?,?^JC@2a$tU^:7iS^^U'fe;bMC 

1 UC+-*-^ 
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[0 0 6 6 ] 

n^^--^A9o. Biooit. A:h^nr^r \^iy:^o)o^(Dnr 

KbT, T F t fe3?'J5="=f- 5 0 

, B6 0tt. ^JT FI^;^$:t-*=i- FLT. ^(iT F 
[0 0 6 7] 

1 1 0tC^3J't‘5|gl«§^i!^vl 11-1 (p5^^:^;HVIO S 1 13- 

1) (010#^) o ^*B 1 0 0 T'#^4X7^ 

nr FM#{C^^'V^T. '>>*- 12 0 {C^t't‘5 n^^4^;i/MO S 

12 1-1 t*6oT> ^fF'^^AA 1 1 

FnwwL 1 w 1 

1 w lit. yy^- I 2 oy\^n7hno w i (cj:oT 

. F^WWL 1 

[0 0 6 8] 

3?rjT-*3-^*A 5 o-e#e>ti7t3^ijr fi^x5^=3- fm-^{c^^'vnt, m\^' 

7 1 tf'V h^B L 1 S h^yV 

1 3;5:t)Jn^-v:^;i/MO s V=yyV7^^ 7 4 cov^■r4^7^)'— 

ti-g) (08#M) o -^fz.. 6 0T'#e>4xfe^[ir FUX^n- FM-t 

^CS•:5V^T> F^-f ^^'B 8 OtCjSt-t -5, If >y h?^B L 1 

;bMo s hyypy^^ s zj^xfpr^^-^jiMo s h^yyy^^ s i (Z)v^■rtl*'— 

■^ti^:^y'^mt^n^o trfiza<DMU, ^rj'F^-rA^A7 lJC^VNTp5=--v:t';i/MO 

s h^yyy^^ i 3 n f^-t^^b 8 o ^c^v^T n^ 

^:F;PMO S 8 2 7b'^;T>t/^^^^tl'2.o ^IJ F^>f >''? A 7 1 

h?«B L 1 b 1 b 1 

it. ^fj F^-r AB 8 0 b 1 fCioT. tf 

'y F?^B L 1 ^(lF^-rAA7 1 

^C^V^Tn5^■v:^;PMO s h^yyx^ 7 4 ?'JF9 

-r/N'B 8 0 ^C^3V^T P^^^^FIHVIO S 8 1 -r 
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AB 8 hmB L 1 b 1 

I b 1 {i, ^(JK^-fAA7 1 (CgfEtliiti', 
m^l b 1 (C cfcoT, K'‘y h^B L 1 tlSo 

ZL(Dm. n F9>r AA 7 1 h?^B L 1 b 1 

^<D\^y f^b l i b 

i(Z)f^${c<j:oTtf'y F^B L 1 ^ ziiL 

{Ccku, “o” t 

“ 1 ” 

[0 0 6 9] 

±tm K^-f AA 7 1 ^fc«B 8 O^mf K^-f A 110 
«$^Ibl, IwUt. 0 5 (a) iC^t'rXT^n-r Fffi?<S{CfeVNT, 

F^WWL 1 Cl w 1 1 
F^>r AA 7 1 {itf'y F^B L 1 C I b 1 1 
-5o ^feli^dF^^AB 8 O*'^, If 'y F^B L 1 Cl b 1 2 

Mflij^&^f^Tcfei't-sr^-T^n^r FffiStt> M.^.c 

^LT^^T'^U, I b 1 1 = 1 b 1 

ifCJ; ^jmit-tSo m^r. Ibll=!fclbl 2 Z 

[0 0 7 0] 

±IB(7)<j:e)C, If >y F^B L 1 FBWWL 1 

I b w 1 ^m^-t^z.tr\ ^^u-fe;i/Mc 1 1 ®MHc, 

2co^i^°y(D{^^Amm^ti. ^^u-fei^Mci 
^tl-5o ^bT, ^^U-fe;i/MC 1 1 06 (a 

) C^'T^rn^Rma X ( “ 1 ” i n ( “0” 

i-<5 J;e)C:^<g>„ fjiiS. If 'y F?^B L 2-B L F?^WWL 2 

~WWLmCii*^x2i^^«gfE7b'#t|&$tl?^VN„ t^oT, ^ U -fe;i/MC 1 1 

2 6 



ffilE# 2003-3025688 




#2 003 — 067901 



[0 0 7 1 ] 

L 1 il^^mb'7- KISRWL KSISWWL 1 

tiE&oT, ^ U -fe;WCl 

■€-bT> 

, (D/s :5^'yy’^M) h D/S 

1^ (c-SM t- ^ ffre ti M u ^ o 
[0 0 7 2] 

„ -fe;i/Mc 1 1 fctg^f-sr Kyy**'^^Pck 

0 ^(DT KL/XtC^S^DT, F^-r/'?l 1 0(C^3l't<5Hl«?j^i!il 1 1 - 1 ( 

p^-v:^;i/MO s 1 13-1) > 5 :a«l| 2 «§^i!^ 1 i 2 

MOS 114), MtMC'/>:*- 1 2 0 n^-v:^;HV[0 S 

12 1-1 (01 0#M) o n K^-r 

y-^A 110 FI^WWL I w 1 ^ 

I w 1 tt, '>>;(j- 1 2 0/\$^tl)Ati'= 

1 w 1 (C J:oT, F^WWL 1 

tl<5o ^WS. H2«?^agl 1 2<Dp^^^JVMO S F^>'/X^ 1 1 4t>mWi^ 

T' ^ S I5[ 7^^ It y i; $ ti tui J: V ^ , 

[0 0 7 3] 

^rj F^-f/A^A 7 1 (C^tt-S, hf'y F^^B L 1 Pt=--v:^;i/M 

O S 7 3 ^t>'nt^-v:^;i/MO S F^> 7 4 CO V^■r.4^*'— 

(08#M) c ^fJF^t/N'B 8 OJC^^t^> i^''> F?^B 

L 1 {C®M$tl^nt^-V^;i/MO S F^>'/y.^ 8 2 ;5:D? p t=--V :^;i'MO S 
>'/X^ 8 1 ^rJF^t'y'^'A 7 1 t 
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AB 8 hISB L 1 b 1 

b 1 (C J:oT, tT'V MSB L 1 ©M0lC^^ffi:&[^cD 

[0 0 7 4] 

±fB^JK^-rAA7 1 ^^liB 8 0J5Lm?K^-rAl 1 0*^#fcj^f 
«$^ibi, iwui, 0 5 (b) fc^-rr^T^n-r F®^^cfev^T, mmm-^ 

0 7f)m^}2<^U~ FBWWL 1 tCl w 1 

^J 7 1 ttlf 'y MSB L 1 ICI b 1 3 

AB 6 O*’^, If 'y b?^B L 1 tC I b 1 4 

05 (b) izBi-Mviz, mmm:^ 

mwTnii. 

m^T$)So b 1. i wuc<fc‘j#^ii^ 

1 1 com^^tfcm^ 2 1 (omtfcmt. ®e c 

b ) tC^'t*, Rm a X h Rm i n il(7)®(Z)'fil"^fe-5> Rm i d il^So 06 

(b) tf'y b 1 

CO W t C %; m ^ (0 M ^ <& -f i: -S' ^ t; ^ V ^ o 

[0 0 7 5] 

1 (Dj&tfcmit. tf>y F^J5:t>'»^ii<?^'7- Fi^tcSStie 
I b 1 , I w 1 {c j:oTt;ig^ai5i5^c :$^mMmmizms 
MRAMX^li, #F^^AA1 l0^cfev^Ts ^ 'J •t;iiZ3&mi‘^W^i2< 

^u~ FmwwL 1 izm^^tismm^umi 13- 1 ®®^F^-Yyig*$:fte 

(OH 1 «?i^M 113-1~113-(1-1), 113-(n-l)~113- 

mj; u t)/F^ < L> E.oH 2 1 1 2 ^rlgl-tT 

F?^wwL 1 w 1 {cj:oT> m^mitfcm^z 1 

w 1, I b 1 

^•g>o \^"J hUBL HZit. ?l^^^U-fe;WCy=^-^ 
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b 1 I b 1 3 (= I b 1 1 ) ilf-So ^ 

1 2 P*g^C^V^T:t>^Mh^ 4 ^■i. pMO S h^yi/ 7 .^ 

1 1 4 (Dm^Mm-ts^tizj:^r. uzm-tm^^^ 

I w 1 < 7 )-®$:, I w 1 1 i: u %/h$ V^ I w 1 2 {CiS!^-t< 5 = MB 

[0 0 7 6 ] 

#M^"eU-fe;i/MC 1 l—MC n 1 < 7 )^T^C 0 V^T#t) 

n-So -fib, r^ 5 =-o>r 

^ 72 ^^miz. (disturbance) 

-t -5 r i: $: t* 7c Jb T' ^ -5> o 

[0 0 7 7 ] 

|bIC< -fe;i/MC 1 1 

01 1 0 1 1 li, ^ (Dm^lH,Vmz 

^3V^T^f'y h^^{C^tlS®iEh(7)?'^?^0T'fe§o 
[0 0 7 8 ] 

-fe;bMc 1 2 2 2 jEic. 

:^ 0 S &7 2 *'^tf')/ b^B L 1 , B L 2 {C^^mb«S^$:#fc^-r- 5 o ^LT, tf' 
'vbif^BLi, BLzizmn^m&m^itmLx. mc 1 1 
^rWd-r^o 
[0 0 7 9 ] 

^■r, 0 ^-& 5 &*^A>f- Me ioT> ir>^r >^4 0 «^*-^^^DQ, 
/DQi:-®uil$ 4 x:t^M{cfe- 5 o ^y 7 .Ty-:f 4 

\z\^^-D. \fv hm-:r^)^^-v^noo tr'vh^^BL, /BL ( 

BLl, BL2, BL3. BL4, •••) (D^^litzf ^ ^ - V V '<)\yV F KC H 
$ti-g>o tT"!; i/^;i/V p RCii, m^\tYDV>/ zx-Sb^. if 

'y b*Se^U^-V-'::;$:i^T-r^o 3 tUCj:U, If 'y h^MB L, /BLti^Uf^ 
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[0 0 8 0 ] 

®S^^U-fe;i/MC 1 1 KUXTb'^gPJ: UA*$ti-5o ^ 

#M^^U-fe;i/MC 1 2{c^g^f <5r Kb;^=fol^#{cA*$ti‘5>o # 
f-*n-^'A9o, Biooli, Ati^tit=.r ]^\yy(Do^(Dnr 
Ktr, #T 5 0, B 6 0 ti, ^ij 

r P'Vy^T^n- FLT, ^(IT 

[0 0 8 1] 

-eLT, FItRW.L 1 , RW L 1 $ tl-5c ^tltC 

<I:U, ^^U-fe;i/MC 1 1, MC 2 2 2 

•So 

[0 0 8 2] 

^rj^*3-^*A 5 FI/Xt-^H- FM#^CS^V^T, 

TXHIIS&7 2iC^VNTtf'y h^<SB L 1, B L 2 tlfc P ^ 

MOSh^>'::;^^75-l, 75 - (HI9#M) c 

T, ^^ffiLA-rrxllIS&7 2*^pJ. If'yh^BLU B L 2 b«^f^ I 

bl’ 

[0 0 8 3] 

2 2 h^B L 1, B L 2 

b 1’ -fe;i/Mc 1 i^n^m 

:<^';-fe;bMC 1 (Hill. t 1 ) „ 

> #^^U-fe;i/MCl l>5:t>‘MC 1 1 

, 1 tf'Vh^BLl. BL2lCigtl^ 

a 

[0 0 8 4] 

XXX. ii^^^U-fe;i/MC 1 1 “1” ^-^(D 

(Rmax) x:^^r^x-t 

-t^x. mi lizB-t^oic.. \x^y ht^BL 
VPRC*'^, (+av) «^vh’ x^-hm 
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p (-av) Ttn-tri^b, v 

1’ immt i~t 2 ) „ 

[0 0 8 5] 

(#Mt 2 ) .. 

r>y4oii. If 'y 

3tlCJ:U, -fe>XT>7^4 0 (^tf 'y h?^B L, /BLtt, VI 

^■e±#'r-g>o rcDlf 'y U, ®Syl^U-fe;i/MC 1 1 (Of-* 

^TB 6 0 A^f- h If'yhllg^BL, /BL$:f^-^ 

yDQlzmm-r^o ^LX. ^JA:fj:^n^r^ h^ ^~ 

yjim-^izuL^^Lx. m;dA'yvTi3 

0 D o u t i: 

[0 0 8 6 ] 

-eco^tt, tf'yh^BLl, BL2, ••• U V - S2' b^;i/ V P R C (C 

$ tl-5o 

[0 0 8 7] 

±fH^^(o ^ ffl b # ^ ^ ^ 

( “l” ) ( “0” ) (0 2o(0<^®, (2 

( “1” ) (Oib^m^^ssst ( “0” ) <DV^mt(Dm 

mzxovtm^ “lo” 30 

( 0 «$:^U#-s„ me, “ 1 ” i: “o” (Dmo^^iKm^m 

-r-S “10” ^LT, iiS^"EU-fe;i/A'e)iB^mb7t “1” 

“0” f-*-^ii, “10” 

(OM$:, -fe>'^T>y^CT^tlIIibTV^-g)o 
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[0 0 8 8] 

LTvn-5„ ^LT, 

g^^riigRt- -S^illCcboT, “10” ^ 

[0 0 8 9] 

^ u ^ u -fe;i/r i/>r i 

rommiz^mizmtix^^^. jgtc, -e® 

mti^mx'^^. 

[0 0 9 0] 

mz. z.comm(Dm2<DmmmMizm^^mmM'^mz^\>\x. miz^m 
VNTmBH'T'So 012{i, :^MMMMizm^MRAM(D':fa'y^mX':^^o . 

[0 0 9 1] 

la^-r-s j: e> {c. :2ji:iiife?^M{c#^MRAMtt, ±mm I (Dmmmmxm I ^ 

Mv'T^0^Lfe#^^c^v^T, mmmm i 4 o^t>‘i^^-xs¥i s o ^m^t=.m 

^ig^r^LTVN^o 1 4 0;&t>‘fc:ii-X|f 1 5 oa^®«^ig{i, _bfB|g 1 

<Dmmmmt.mmx'$>^(Dxmmit^^-t^o 

[0 0 9 2] 

mmmmi 4 o;s.t>*t:^-xsf 1 5 oicovNXii, 

01 3 01 3li, 

□ — ■5^'V — h"Cfe-So 
[0 0 9 3] 

^-f, 'V (^5="y^Sl) , 

S2) $:#e)o ^Vy-h®l^, ±SH^1 

^U-fe;i/MCl 1 (;^5^'yyS3) „ 1* 
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1 1 1 1 - i;5:t>*ll2«^S£2ra 1 

2{Cj:oT#^ii^5^'7- KOTWL 1 I w 1 

LX (HI10#M)> ir;i/MC 1 1 ~MCmn(Z)^^^^i5t^^2 1 (Z) 

Srn^a$:Rmi dlCfg^i-^ (0 6 (b) #M) » #^iZi^'7-KOT 

WL 1 w 1 li, H2««i 1 

[0 0 9 4] 

^XX\ ^?W- ^#^C^V^T, W0l?&14Oli, Vx-fncZ) 

;i/MO S 1 14 V^ e> 'If |g $: t: - XSftCfa 

4) „ J: U #MO S 1 1 4(D^ 

wlCD'W#^, tn.-X|^l 5 0 {ClH‘H$i±T^<<Z)-t?fe^o 
[0 0 9 5] 

b $!#o 

[0 0 9 6] 

=L-^f)mm(Dm^^^^n^f^mzmB-mLmi'^^ny^. mmm 

S&l 4 0 l±, #M^^U-fe;i/MC 1 1 

(^^>y:/S5) „ ^ XV -L ;V'\(Dm^ 

■fe;i/^(Ddisturbance*%^l::;T, R m i d 

'f b L T V ^ S J* ^ e :;0' ^ 7? ^ -g> „ 

[0 0 9 7] 

d$:^i#bTV^ 

{7.xvzfsQ) \z\t. (xy^'v^ss) o 

[0 0 9 8] 

i d$:^#LTV^ 

(^^'y^S6) , a x^ig^Jai'fitRm i n^i:^ 

^Te>o MW0IB&1 4 0*'Jt:^-XS¥l 5 0^CfB'll$^±TV^^'Wf6$:^ 
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m i d{C-rszii:®ffi5f5‘5S^3i^«^I W 1 (Dmmv^^o j: 

^1 I AoymWi'^'^^o ^<Z)W#^ca^'v^T, lOli, 

M)V^(D^- ^ $:4?o T, =E U ■fe;l/®^M^^^iLli^®S^^l^a 

^nmRmi dizm^i^w-’To (y.^y’^ss) „ 

[0 0 9 9] 

*'ffl5l5-2>o #M^#$:f^^'r‘g>7^4?)(D#m^"eU-fe;WC. 3 (^L 

^LT. 

“1 0” fcirL-X 

l¥^C-^#$^±TV^-5*^e3-efe-5o 

[0 10 0] 

mz.. z.(Dmm(Dm3(Dmmmmizm^^mmmmmiz’D\,^xmm-t^. :$: 

_hfHH 1 #M^^U-fe;W0Si5T;^a*'Rm i d 

*'‘?>“ftlfe^-^{c, ^tl^WJE-t^t:L&)(D:^'^iZWt^^(DX:^^o 

i d 0 1 5 J: C) 

t), “1” xT^S>U> “0” ^- 

^5:'^#t*'S)^^U-fe;i/CO^i5i'fit*^Rmi nTfe-Sc -tLX. 

R m idli, RmaxilRmin hL(D^f^(D^t}i (Rm a x + R 
min) /'2t)^ib. ± A R -So ^ U -fe;!/*^ r (04gH(Z) 

[0101] 

014«, ^mMJ^MiZ^^URAM(D-fUy^mX&^. 

0^f-5J:^{C, ±M% I (DmmBMXmi ^ 
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[0 10 2 ] 

Q o(Dmmz.-D\^^x. 01 e mieit. 

^ ^ u ±jvr u4 20 1 e 0 {-^ 

[0 10 3] 

i:bie/f!l^0i^ 1 6 0 Ij:, ^ 'J ^LT, 

^ U (Rmax + Rmin) / 2 ^ ± A R1^4_hi*ti;t 

i:bfi/0JW0S& 1 6 0 li, 01 6{C^t‘<ke)lCA/'D=l>7'?-^ 1 6 1 - 1 
~1 6 1-3, ;&m#|l 6 2, 6 3, 6 4, i:bi^#| 1 6 5, R 

OTJW0i?&l 6 6 
[0104] 

A/D=r>A-^ 161-1 — 161-3 li, “ 1 ” 

jp##ii62ii, a/dh 

yji-^ 161-1, 161 - zcDiati^MM-t^o ^##11 6 3 li, AXDn 

16 1 - ^##§1 6 4 it. 6 2®m;tJ^ 

mnmi 6 ■eLTlt«^#|l 6 bit. 6 4® 

M0s&i6 6ii 

, J:bff#|l 6 5^cfe^:)•^^:bi^^:^^ca^'v^T, 1 0 ^mm-t^o 

[0105] 

mz. j:b«e/$ii^0s& 1 6 0 ®i&f^^cov^T, 

016, 01 7 ?:mv^TS5^B^'r‘5o 01 7«, ^r^-T 

7n-^-v- 

[0 10 6 ] 

-hiBiii, m 2 (D^m^mi:'mmi^r^:^mic.t^). 

(^7=-'y^si 1) o ^m. :i(Dm^^^mmt. 

3 5 m£E#2 0 0 3 - 3 0 2 5 6 8 8 
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a 1 f *'Rmi d (DMil d: C) {C#e> » 

[0 10 7] 

mz. #M;<"eU-fe;i/(DSmilRh a 1 f *^’Rmi d ^ $:^SE L, 

“1 ” “ o” ^UW-t 

-2>^=E'; rziT'^mf-S “1”> “0” 

V -fe;wi, ±?ir 

L, WM(O^^U-fe;i/$:MSLT=fo^Vx„ El 1 7 :/ S 1 2 

ICfeVNT, “ 1 ” “ 0 ” 

^ l^''y 

r e f 1 4 b T^ 

mss 7 OTfe-So #A/Dn>A-^ 1 61-1 — 16 

1 -31:'^^ d: A/D=3>A-^ 1 6 1 

— lli(Iref*Rmax) $:, A/Dn>'7'^— ^161 — 2ti(Iref* 
Rmin) A/Dn>A-^161-3li(Iref-Rhalf) 

[0108] 

?^IC01 7tCj3l't‘g)X^'y^S 1 3 ^C^V^T. *D^^16 2*^, A^Dny/i 
-^161-1 h. A/Dn>/’«-^ 161 - 2*'P>miJ 

;&Dlt#ll 6 2tt, I ref - (Rmax + 
Rmin) ^m:f:}'t^o I 6 3 it. AXDziyA- ^ 1 6 I - 3 

63 2-iref-Rhai 

[0109] 

6 4l±, inWHl 6 6 3(DBit}}l<Dm^mi!, 

■t^ (^5=-'y ^S 14) . m-oT. ^^#11 64 Iref- (Rmax + R 
min-2Rhalf) Rhalf;^)'5 (Rmax 

+ Rmin) /2*^e,•mTv^-&^-^^c, ^n&cDmo^w.’^ 
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[0 110] 

J:bic#l 1 6 5 li, im^l 6 l 6 3 (C 

(X^'V ys 1 5) „ • I r e f • a 

R®«jEb*e&u, Mm#ii64{cfe 

(X7^'y:/S 1 6) (Cli. # 

MX ^ U ■fe;KZ)^i5t'fit R half® (Rmax + Rmin) / 2 f{' ^ ® 
i^'n, 7!rM«A RJ21T7?S>-5c t^oT, R h a 1 f = R m i d ® $ tl 

(X5=-'y^S 1 6) {C«, #MX^U■fe;l'®^^5^#Rh alf® (Rmax 
+ Rmin) A R j: U V^c #MX^U-fe 

;i/®^^MR h a 1 f li, Rm i d #MX^Uiz;i/ 

U ^ f ^^®-e 

. #MX^U •fe;i/^®#^iA^$:^Ujg'r (x^'v^Sl l{cM^) o n 

#Mx^u-fe;i/Rh a i f *'Xc#i-^‘5®*vh$'r€ 

■s®*'. mmm^i 6 6:^'#K^-rAi lo 

wmm^i 6 #F^-rAi io«, itfia® 

<f ^{c j:ot, 

#MX^U -fe;i/®^^ia$:Rm i d{C|g^i--5„ 

[0111] 

ti-2>o 35fc, mi #M##®^^§:JglcfBl_bSi±^r 

#MM#$:#^t--2>fe®®#MX^U-h;i/tc, SU (^L< 
«-e4xlJ4_h) #MX^ 

U-h;i/^®#^iA^®|^. R m i d i: J:bg« b, ^®i:b 

— K/'^'y X $i±'TV'‘S>}6'^)7:'fe-2>o t^oT, Mxi'f# 
MX^U-fe;b®#tt*^^^bb, ^l?J®»^iA^5^^«^Tli®mffiRm i d 
5R?&<^oTL^ofeJ:e)^#'^-e&oTt;> R m i d 
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Rm i d {C|g^-r <5 ^ -5c 0 1 7 JCat-T^gili. 

[0 112] 

±m<D^viz. ^<Dmm(Dmi7bmm3(Dmmmmizm^^mmi‘mmmzx 
tui, #fl^^^u-fe;wc, 3 z: 

(D3^(Dm.tn,mit. m^:<=EV-\Ejv<D^'r^2^<Dm.umt. 
v$>v. ipr^(Dm(Disffcm^^roitr\^^s 

o ^Lx. ^1, 0m^xv 

X V iz Jl/(D^M 

Mmm^(Dmtjimii. x t ic<j: o tm lt v^^. 

[0 1 13] 

t^eoT, 

MRAMizi3t-f^m^iiiomi^a)mm‘!i^(^±x^So tfo. 

•fe ;!/ $: IS C j: ^ ;?ID */jN m {C WJ 1? ^ o 

[0114] 

01 8 It. ±mmi7bmm3(DmMmm(DMMmizmsMRAM(Dt^ayi^m 

x$>-5o ±mmmmmx itmmmR^<Dm ^ ^ # k ^ - r /■? tc j: o x mm l t 

v^7ti:X5, K^-f ^■?{CJ:oT#e) 

[0 115] 

0^1--2) j:e){C, :^^mmiZ^^MRAM(Dn\^^4 1 1 0 1 

«g^?!ra 1 l-l'-'l 1 1-mlt. F^-f y|g;^$r:#bXV^-5„ fji 

J3, F^^RWL 1 icg^^$4a?txx'j-fe;wi, #Mp^xU-fe;i/i: L/ 

xmm-t^o ^(I F^-r AB 8 0 nMOOHl«g^l!r>8 3 - 1~8 3 

2«?^l!i8 4-l~84-n M 1 8 3 - 1 ~ 8 3 - 

^zmmms 4-l~84-n^i, h^BLl~BL nizm^-^tl 

TV^^„ 

[0116] 
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j: e) tc, mi m^m ss-i-sa-nii, ±mm i ^ 
S 8 S 8 2 $:^i;^T 

V^-5o ||2«giai8 4 - 1 (V-^) 

H. tT'y hSISB L 1 ~B L (Kl^-r> 

) i:> 3 ^!JT h i: n^-v^;i/MO s 

h^>'X'X^ 8 5 EI19Tli, n 5^ ;i/MO S h ^ > 'X'X ^ 8 

5t^^ 2 1 OT^=fe;^VNb 3 ^<0|S[«# 

(C $ 4X V ' o 

[0 117] 

^[f F^-r AB 8 0 tC ioT, If 'V h^^B L 1 ~B L nic#fc 

i d{cis^ffi5f5> ±mm 1 Jbmm 3 (Dmmmm 

®i8, ®i 9T-ttii2®^^?!^8 4 - 1 — 8 4 

- n7b'3^(J K^-r AB 8 0 ^Wi. ^fIF^-f/'?A7 

l{C&oT/foa<> :ig{C^[IF^4’AA7 1, B 8 0mA^C&oT=fo^V^„ ^ 
m 2 84-l'-84-nid:, ;i/M OS h ^ ^ (Df^t> U tC p 

^■V:^;i/MO S h^>'X'X^T-?^^!gL/T=fe;«t)?5iV^„ Z(Dm^iZ\,t. mzM^m 
84-l~84 - n il^-5 p -V ;i/M O S h^>'X'X^ii, p5^^^x;pMO S 
h^>S;^'X^ 8 1 tfc-itl 3 
[0 118] 

±fBHl73rMI|3(Z)|life?^^T'tt. If ‘V h?<gB L 1 ~ B L n 

F?WWL 1 ~WWLm*^^^$fi:^[^{C?0o 
T?l^^$4^TV^^^'^^C•^V^T^B^L;to MSX ^ U 

If 'y F?^B L 1 ~B L ntCgfEtl-5«?^(0[^^{Cj:oTf[I'#$4x-5„ 
L*'L, tf'y h)HB L 1 ~B L n K 

liWWL 1 ~WWL^l$:ffl||||fi:&|1^^C?^>oTJ^^®L/Tt)av^. r ^ 

FISWWL 1 — WWLm{C?^tl 

-S f^ # {C i; o T 0JW ^ n -g) c 
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[ 0119 ] 

mm. m 

[0 12 0 ] 

5gtc, ±mmijb^^z(Dmmmmx\t. #m 

;i^U■fe;I/Tl/-r®4I:^al5^c@Bg^tlTv^^„ 

-fe;wD&gii> :f.xv n;ir ^ ^ u -fe;i/i^->^'T i/-f ®4>i^{c@Htt$4xT v^ 

SLTV^T=fe;^V^„ 

[ 0121 ] 

Jgfc, JiIHUl jiS^^U-fe;i/t±l2I5 (a) iZm-t 

r;^^n-r Fffi^:5:t>*llI6 ( a) b, #M^^U •fe;WiEI5 ( 

b) r;^y=-D>r Kfflis:5Lt>'iii6 (b) \z^-ti&i}im.^M^^%(D}ii,xm 

m\^r=.. hts-h. 

:b?5iV^o ^ V Rmax, Rmin^'('t'??^<, Rmi 

d L/TV^T.=fe^V^„ >(BL/, =E U ^ 

it. Rma xilRm i n(D^^-tmf}^—:^<DW.^M^t:oiZLX^7t>ti^Xt.it^ 
^ t■et;4'V^„ X(Dm^iZit. -^)\/ }KDmxn^(D 

[0 12 2 ] 

tr^. u 3 Mj^± 

2 0 iC^i" j: fC, Rm a x i: Rm i n 2*3 

(DM?&-5®#:^aRm i d 1 , R m i d 2 bT V^T VNo 4MJ:U# 
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Miciitan 1 LTMT 

MxlSGM R (Giant Magneto Resistive)^^ 
■^CM R (Colossal Magneto Resistive)^^$:MV^-5>^'^7:'feoT=fe;^V^„ 
[0124] 









e> ill" -5^11 

[0 12 5] 



i'^o^mm^ $: i^±-e ^ ^ 






[01] 

[02] 

u4(Dm^m. 

[0 3] 



o:>mm(Dm i <Dmmmm\zm^MKAua^':rn v^m. 

0:)^m(Dmi<DmMmmiZ^^MRAM(Dm:^^:^^V -\zjit 



(D^mo)^ 1 COmMm-MiZ^^MRAM(Dm^^:^^V -fe;!/! 



0VNT5tbT^3U, (a) 0 «PIt® 0, (b) 0tt^^®mm^(Z)^m0c 



[04] 



.(Dmn<7)mi(DmmmMiz^^MRAM(Dm^^^^v izjuD 



±®0-efeu. (a) mitm^7h^mm&.r. (b) 0»*^5A^si^j^-t:(Z)i^ 

^^maLr=.m(Dm^o 



[05] 

K 



1 (Dmmmmizm^MRAM(7)mx^^^v-i’ji<D 
i$:^-r07:-feU. (a) 01iiiS^ ^ U -fe ;!/, (b) 01i#M 



-fe;l/^CoV^T:^'r0 



[06] 
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(b) -fe;i/{coVNT^-rnio 

[0 7] Z.(Dmn(Dm 1 

(D0S&0O 

[08] z.(Dmm<Dm ^ ^ ^-^(D 
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